I Eleven non-steroidal anti-inflammatory drugs (NSAID) reversibly inhibited contractions of the longitudinal muscle of the guinea-pig isolated ileum induced by acetylcholine, histamine, electrical transmural stimulation and nicotine in this order of increasing potency.
Introduction
Prostaglandins seem to play a role in contractions of intestinal smooth muscle (Bergstr6m, Eliasson, Von Euler & Sjoval, 1959; Bennett, Eley & Scholes, 1968; Fleshler & Bennett, 1969; Eckenfels & Vane, 1972; Ferreira, Herman & Vane, 1976) . Since the demonstration that indomethacin inhibits prostaglandin synthesis in cell-free homogenates of guineapig lung (Vane, 1971) , many authors have confirmed the inhibitory action of non-steroidal antiinflammatory drugs (NSAID) on prostaglandin synthesis in various tissues (Flower, 1974) . Ehrenpreis, Greenberg & Belman (1973) and Bennett, Eley & Stockley (1975) found that indomethacin (40,g/ml) substantially reduced contractions of the longitudinal muscle of guinea-pig isolated ileum in Krebs solution to nerve stimulation with transmural electrical pulses. Kadlec, Masek & Seferna (1974) obtained similar results with indomethacin (0.36 jg/ml) in a modified Krebs solution. The difference in the concentration of indomethacin needed depends on the composition of the bathing solution (Bennett et al., 1975) . All these authors reversed the inhibitory action of indomethacin with low concentrations of prostaglandin E. Ehrenpreis et al. (1973) concluded that prostaglandins couple cholinergic nerve terminal excitation with acetylcholine release while Bennett et al. (1975) thought that prostaglandins modulate the response to cholinergic activity. Kadlec et al. (1974) postulated that this prostaglandin-modulated action on cholinergic activity is mediated through inhibition of noradrenaline release. Bennett et al. (1975) showed that indomethacin 2,g/ml also greatly depressed nicotine-induced contractions of guinea-pig isolated ileum whereas 5-20,g/ml caused little reduction in the contractions to exogenous acetylcholine and histamine (Chong & Downing, 1973; Bennett et al., 1975) . These inhibitory effects are reduced by small amounts of prostaglandins in the bath (Bennett et al., 1975) .
We have extended these observations to several other NSAID known to inhibit prostaglandin synthesis (Flower, 1974) in an attempt to understand better their mechanisms of action on intestinal smooth muscle.
Methods
Adult guinea-pigs of either sex were stunned and bled. Segments of ileum (4 cm) at least 10 cm from the caecum were set up under an initial load of 1 g in Krebs-Henseleit solution (composition gA/: KCI 0.35, NaCl 6.92, CaCl2.2H20 0.37, NaHCO3 2.1, KH2PO4 0.16, MgSO4.7H20 0.29 and glucose 1.0) at 37°C gassed with a mixture of 5% CO2 and 95%°2 Transmural stimulation was carried out as described by Paton (1955) (2.5 ng/ml) or F2a (tromethamine salt, 25 ng/ml) were added to the bath 12 min after the NSAID addition, but reversal of inhibition was not measured.
The same 11 NSAID were tested in parallel (12 min contact time) for inhibitory effects on acetylcholine, histamine and nicotine-induced contractions, using the lowest concentration tested which reduced the electrically-induced contractions by at least 50%. Segments of ileum were set up in identical conditions except that contractions were recorded on a kymograph with an isotonic lever (five-fold magnification). The submaximal contractions induced in the presence of the NSAID by 30 ng/ml histamine and 0.5 ig/ml nicotine were recorded every 3 min and 6 min respectively. The results are expressed as a percentage of the average of at least 3 control responses obtained before addition of the NSAID. In 4 of the 8 experiments with each NSAID, prostaglandin El (2.5 ng/ml) was added to the bath immediately after the first (nicotine) or second (histamine) evoked contraction following the NSAID addition ( Figure 3 ). The height of the contractions in the presence of both prostaglandin El and NSAID is expressed as a percentage of the average of at least 3 control contractions.
In each experiment the ileum was finally challenged with the agonist, after washing out the NSAID (and prostaglandin El if present). The height of three consecutive contractions is expressed as a percentage of the control contractions.
In other similar experiments prostaglandins E2 (2.5 ng/ml) and F2a (tromethamine salt, 25 ng/ml)
were tested in the presence of each NSAID but their effect was estimated quantitatively only for indomethacin, phenylbutazone ( Figure 3 ) and flufenamic acid. The effects of prostaglandins El, E2 and F2a were similarly tested in 4 experiments for each prostaglandin after the second evoked contraction induced by acetylcholine (20 ng/ml). The NSAID inhibition of contractions to acetylcholine has been described previously (Famaey, Fontaine & Reuse, 1977) . 
Results
All 11 NSAID tested caused a dose-related inhibition of the electrically-induced contractions of the guineapig ileum. The concentrations of NSAID used were 2.5-40 jg/ml for all drugs except phenylbutazone, oxyphenbutazone and alclofenac which required 10-200 gg/ml (Table 1, Figure 1 ). The effect increased progressively with the duration of contact and was maximum at about 12 min (Figure 1 ). Prostaglandin E, or E2 (2.5 ng/ml) reversed this submaximal inhibition, prostaglandin El being somewhat more potent than prostaglandin E2 (Figure 2 ), while prostaglandin F2a (25 ng/ml) had little effect.
Prostaglandin E compounds clearly reversed a partial inhibition by NSAID but only slightly restored responses that had been almost abolished. The NSAID, at concentrations up to 200 jg/ml which induced at least 50% inhibition (with the exception of alclofenac) of the electrically-induced contractions after a 12 min contact time, also inhibited contractions induced by histamine or nicotine (P< 0.00 1) (Figure 3 ). With every drug the inhibition of electrically-induced or nicotine-induced contractions was significantly higher than that of contractions to histamine (except for bufexamac, 10 gg/ml where inhibition of electrically-induced contraction was not significantly greater than that of histamine).
Indomethacin, flufenamic, mefenamic and niflumic acids, ibuprofen (all at 40 jig/ml) and bufexamac (40 and 10 jg/ml) inhibited nicotine-induced contractions significantly more than those to electrical stimulation.
Prostaglandin El (2.5 ng/ml) completely reversed the NSAID-induced inhibition of contractions to histamine, nicotine and also to acetylcholine (P< 0.05 to P<0.001 according to the drug and agonist-see Table 1 ) and even increased most of the contractions to above the control levels (P<0.001 for nicotine, P < 0.01 for acetylcholine and P < 0.05 for histamine). There were no significant differences between ,the contractions obtained after washing out the NSAID (and prostaglandin El if present) and the average of the control contractions, demonstrating the reversibility of the NSAID and the prostaglandin E, effects.
Prostaglandin E2 (2.5 ng/ml) and prostaglandin F2a (25 ng/ml) gave similar results for all the NSAID and for each of the 3 agonists, to those obtained with prostaglandin El and their statistical analysis for indomethacin, flufenamic acid and phenylbutazone also gave the same P values.
As with electrically-induced contractions, prostaglandins markedly reversed submaximally inhibited contractions but had little effect on responses that had been totally inhibited (Table 1) .
Discussion
The inhibitory effect of indomethacin on electricallyinduced contractions of the guinea-pig ileum described by Ehrenpreis et al. (1973 ), Kadlec et al. (1974 and Bennett et al. (1975) was confirmed by us and extended to 10 other acidic NSAID which inhibit prostaglandin synthesis (Flower, 1974) but have different chemical structures.
Inhibition of acetylcholine-induced contractions of guinea-pig ileum by indomethacin (Bennett et al., 1975) and by the other NSAID (Famaey et al., 1977) has been described and inhibition by these agents is now extended to histamine-and nicotine-induced contractions. With every NSAID the inhibition of electrically-induced or nicotine-induced contractions was significantly greater than the inhibition of contractions to acetylcholine. Only indomethacin, flufenamic and niflumic acids, clopirac (all at 40 gg/ml) and bufexamac (10 gg/ml) inhibited histamine-induced contractions significantly more than those to acetylcholine. The comparison between the averages of the mean inhibition obtained with each drug for each of the four agonists shows that NSAID inhibit the contractions to histamine and to acetylcholine significantly less than those to nicotine or to electrical stimulations (P <0.001, Mann Whitney U 
.aWL +I9 +i9 +i9 . Figure 3 The effect of phenylbutazone 200 jig/ml on guinea-pig ileum contractions induced at 0 by acetylcholine (ACh), histamine (Hist) and nicotine (Nic) and the reversing effects of prostagiandin El (PGE1, 2.5 ng/mI) PGE2 (2.5 ng/mI) and PGF2a(25 ng/mI). test) and that there is no significant difference between the inhibitory effects of NSAID on contractions to acetylcholine or to histamine and between those on contractions to nicotine or electrical stimulations.
As suggested by Ehrenpreis et al. (1973) the greater inhibition of contractions to nicotine or electrical stimulation (indirect cholinergic effects) than to acetylcholine or histamine (direct agonists) could be explained by interference with neuronal acetylcholine release. However, nicotine which acts on ganglia (Day & Vane, 1963) was significantly more affected by NSAID than was the response to electrical stimulation which involves post-ganglionic cholinergic nerves (Paton, 1955 (Wilhelmi, 1949; Yamatake, Kato & Takagi, 1975) .
We conclude that, in addition to effects which may be mediated by reduced acetylcholine release, similar to those previously described for indomethacin by Ehrenpreis et al. (1973) , Kadlec et al. (1974) (Domenjoz, 1960; Parrot, Ruff & Saindelle, 1966) . Histamine is thought to be an important mediator in the inflammatory process (Schayer, 1962; Spector & Willoughby, 1964) . Most of the NSAID are able to reduce oedema induced experimentally by histamine or histamine-releasers although to a lesser degree than true antihistaminic drugs (Winter, 1966) . This is in accordance with our results which indicate that NSAID have only moderate antihistaminic properties.
We found that prostaglandins El, E2 and F2a completely reversed the submaximal inhibitory effect of NSAID on contractions to acetylcholine, histamine, nicotine and electrical stimulation (except for prostaglandin F2a and electrical stimulation). Since NSAID inhibit prostaglandin synthesis at even lower concentrations than those used in our experiments (Vane, 1971) , prostaglandins might be important for (1) the activation of ganglia by nicotine, (2) the release of acetylcholine by nerve stimulation, and (3) the contraction of smooth muscle by acetylcholine or histamine. Ehrenpreis et al. (1973) suggested this hypothesis for acetylcholine release by electrical nerve stimulation and extended it to the concept that morphine affects gastrointestinal motility by inhibiting prostaglandin-synthetase.
Another explanation was proposed by Bennett et al. (1975) who thought that prostaglandins might be involved in deal contractions mediated by cholinergic nerves by increasing the response to released acetylcholine and possibly its amount. Prostaglandins might modulate responsiveness to other stimuli since they also reverse the inhibition of ileal histamine-induced contractions by NSAID. Eckenfels & Vane (1972) observed that following pretreatment of the guinea-pig colon with indomethacin, the initial contractor effect of histamine was unaffected but the contraction was not maintained unless prostaglandin E2 was added.
Prostaglandins therefore seem to sensitize guineapig ileum non-selectively to all stimuli. This would explain why prostaglandins reverse NSAID inhibition and even induce contractions above control levels.
These NSAID effects on guinea-pig isolated ileum probably involve actions apart from inhibition of prostaglandin synthesis. At concentrations similar to those used in our experiments these drugs also inhibit various proteolytic enzymes, uncouple mitochondrial oxidative phosphorylation and interfere with various biological membranes (lysosomes, mitochondria, erythrocytes and lymphocytes) as well as nonbiological membranes (Famaey, Brooks & Dick, 1975) . These membrane properties are related to movements of various ions including cellular uptake or release of sodium, potassium or calcium (Northover, 1971; Famaey & Whitehouse, 1976) .
Preliminary data indicate that most of the antiinflammatory steroids and chloroquine which also affect membranes (Weissman, 1964) have very similar effects on contractions of guinea-pig ileum (Famaey, Fontaine, & Reuse, 1975; Famaey et al., 1977) . However anti-inflammatory steroids with no known inhibitory effects on prostaglandins synthesis in crude homogenates (Flower, 1974) might affect the release (Gryglewski, Panczenko, Korbut, Grodzinska & Ocetkiewicz, 1975; Lewis & Piper, 1975) as well as the production of prostaglandins by entire cell preparations (Kantrowitz, Robinson, MacGuire & Levine, 1975; Tashjian, Voelkel, MacDonough & Levine, 1975) .
In conclusion it seems that NSAID are able to inhibit, in a dose-dependent manner, the contractions induced by various agonists, probably by inhibiting ileal prostaglandin synthesis and by affecting membrane properties and altering their permeability to various ions. The reversal effect observed in the presence of prostaglandins must be related to this inhibition of synthesis but may also be related to a non-specific ileal sensitization by prostaglandins to the various agonists tested.
